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The present invention relates to a technology of forming 
protection film on a siorface of a metal embedded to serve as wiring in 
semiconductor devices. 



Background Art 

15 Wiring technology in which copper lines are substituted for aluminum 

lines have recently become popular because of needs and wants of enhanced 
performances of semiconductor devices. Copper has advantageous features 
of being lower in resistance and superior in electro-migration tolerance (EM 
tolerance) as compared with aluminum while having disadvantageous 

20 features of greater possibility of diffusion into semiconductor substrate and 
higher liability to be oxidized. In order to cope v^th such problems, various 
types of barrier materials referred to as barrier metals or protection films are 
formed between miolti-layered wiring copper and interlayer insulating film 
(hereinafter referred to as "insiolating film") in the semiconductor devices. 

25 One of methods for implementing multi-layered wiring of copper as 

mentioned above is damascene process, and Figs. 9A, 9B, 9C, and 9D 
illustrate sequential steps of the process. 

Reference numeral 1 1 in the drawings denotes first insulating film of Si02, 
and after the insulating film 1 1 along with concavity 12 defined to embed 

30 wiring is coated with a barrier material (barrier metal) 13 such as TaN or TiN, 
wiring copper (Cu) buries the concavity (see Fig. 9A). 

The surface of the substrate is polished by means of a polishing 
procedixre referred to as chemical mechanical polishing (CMP) to eliminate 
the copper 14 and barrier metal 13 except for those in the concavity 12, and 

35 after forming protection film or silicon nitride film (referred to as SiN film 
hereinafter) 15 so as to close an opening of the concavity 12, second 
insulating film 16 is formed thereon (see Fig. 9B). The SiN film 15 is useful 
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to prevent the copper 14 from diffusing into the second insulating film 16. 
With a mask (not shown), the insulating film 16 is partially etched away to 
define a second groove 17 (see Fig. 9C). Moreover, after the SiN film 15 in 
the groove 17 is etched away (see Fig. 9D), the second groove 17 is buried 
with copper, and these steps are repetitively carried out to implement a 
multi-layered configuration. 

However, the SiN film 15 serving as the protective film in the 
above-mentioned damascene process has a high dielectric constant, and the 
residual SiN film remaining between the insulating films 1 1 and 16 
disadvantageously causes the dielectric constant to be raised as a whole in 
the interlayer insulating film even if the interlayer insulating film is made of a 
material with a low dielectric constant. 

Moreover, if the SiN film is used as the protection film, then etching 
must be conducted twice for removing the SiN film 15. More specifically, the 
second insulating film 16 is first etched to make a second groove 17, and 
thereafter, the SiN film 15 must undergo etching under different process 
conditions, by exchanging processing gas used in the etching, for example. 
The SiN film is formed through chemical vapor deposition (CVD), and this 
also disadvantageously leads to compficating the total manufacturing 
process. 



Disclosure of Invention 

According^it is an object of the present invention to provide a 
manufacturing methbd of semiconductor devices and a manufacturing 
apparatus of same, which^an simplify the manufacturing process without 
raising the dielectric constam^f an insulating film in a procediore of burying 
wirings using a damascene procb^. 

The invention as defined in Cl^im 1, comprising the steps of: making 
a first concavity in a first insulating filrtib^a surface of a substrate; burying 
the first concavity covered with the barrier l^ier for the purpose of preventing 
metal diffusion with wiring metal; polishing the sbtistrate to remove a part of 
the metal residing higher than the upper peripheral le^;^of the first concavity 
so as to leave a first metal layer in the first concavity; apf^^sng solution of 
substance tending to be bound to the metal layer onto the suHace of the 
substrate so as to form protection film of the substance on the fir^metal 




layer for preventing metal diffusion; forming a second insulating film on the 
surface of the substrate; making a second concavity in the second insulating 
in a region above the first metal layer; and buiying the second concavity 
covered with the barrier layer with a second wiring metal layer to be 
cora^ected to the first metal layer. 

The protection film serves to prevent metals from diffusing from the 
first metel layer into the second insulating film upon the formation of the 
second insulating film on the first metal layer, and the procedure of forming 
the protecuim film is thus simplified since the protection film is formed by 
10 applying the solution onto the surface of the substrate. In addition to that, 
in an area wher^the first metal layer does not exist, or an area where there is 
no essential need\)f forming the protection film, the protection film is not 
formed. Thus, advise effects of the protection film on the dielectric 
constant of the insula^ng film can be avoided. Furthermore, since the 
15 protection fihn can be sunultaneously eliminated together with the second 
insulating film when it is etched away, the manufacturing process is thus 
simplified without the need W repeating a procedure of the etching twice. 

The invention as defined in Claim 2 is characterized in that the 
surface of the substrate is washed after the solution of the substance is 
20 applied onto the surface of the sub^rate. 

The invention as defined in CEsdm 3 is characterized in that the 
solution is solution of organic substanc^the solution of the organic 
substance forming protection film of the ois^anic substance for the purpose of 
preventing metal diffusion. 
25 The invention as defined in Claim 4 is bharacterized in that the 

solution is solution of metallic salt, the solution of the metallic salt forming 
the protection film of a metal composing the metallk; salt for the purpose of 
preventing metal diffusion. 

The invention as defined in Claim 5 is characteri^d in that the wiring 
30 metal is copper. 

The invention as defined in Claim 6 is characterized ihJurther 
including the step of washing the polished substrate to eliminate particles 
therefrom, after the step of polishing the substrate to remove the r^etal 
residing higher than the upper peripheral level of the first concavity so as to 
35 leave the first metal layer in the first concavity, and prior to the step of 

applying the solution of the substance tending to be bovond to the metal'^yer 
onto the surface of the substrate so as to form the protection film of the 




)stance on the first metal layer for preventing metal diffusion. 

The invention as defined in Claim 7 is characterized in comprising: a 
carry-in lanit where a substrate cassette receiving a substrate is carried in, 
the substrara having a metal layer formed in a concavities in a insulating film 
5 on the substraxfes; a first washing unit where a surface of the substrate is 
washed; a proces^ng unit where solution of substance tending to be bound 
to the metal layer is applied onto the surface of the substance so as to form 
protection film on the surface of the metal layer for preventing metal 
diffusion; and a carrying lohit where the substrate is unloaded from the 
10 substrate cassette carried in ft^e carry-in unit, and carried among the units 
from one to another. \. 

The invention as defined in Claim 8 is characterized in further 
comprising a second washing unit whebe the processed substrate in the 
processing unit is washed with a washing nqioid and a drying unit where the 
15 substrate washed therein is dried. 

The invention as defined in Claim 9 is chai^terized in that the first 
washing unit, the processing unit, the second washin^sunit, and the drying 
unit are arranged as a series of processing vessels, the caiwing unit 
transporting the substrate among the plixrality of processing v^sels from one 
20 to another. 

The invention as defined in Claim 10 is characterized in that^ 
metal layer is made of copper. 



25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA, IB, IC, and ID are cross-sectional views illustrating, step by 
step, conditions of a semiconductor substrate according to a preferred 
embodiment of the present invention; 
30 Figs. 2A and 2B are cross-sectional views illustrating conditions of the 

semiconductor substrate according to a preferred embodiment of the present 
invention; 

Fig. 3 is a diagram showing a process step of forming a protection film 
on a surface of a metal layer; 
35 Fig. 4 is a perspective view showing a batch processing unit where an 

insulating film is formed on a semiconductor substrate; 

Fig. 5 is a perspective view showing a washing machine having the 
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batch processing unit incorporated therein; 

Fig. 6 is a schematic plan view showing a wash unit of a 
semiconductor manufacturing apparatus; 

Fig. 7 is a diagram showing a whole single wafer processing unit for 
5 forming an insulating film on a semiconductor substrate; 

Fig. 8 is a plan view showing a semiconductor manufacturing 
apparatus having the single wafer processing unit incorporated therein; and 

Figs. 9A, 9B, 9C, and 9D are cross-sectional views showing 
semiconductor substrates, by way of explanation of a damascene process in 
10 a related invention. 



semiconductor devices according to the present invention will be described, 
focusing on an example of a single damascene process for simplifying the 
description, with reference to Figs. lA, IB, IC, ID, 2A and 2B. 

Figs. lA through ID illustrate process steps of making through-holes 

20 above wiring (metal layer) which extends in circuitry at the n-th level stacked 
on the substrate to make wiring line (which is also referred to as "wiring" in 
this embodiment) which connects to wiring in circuitry at the (n+l)th level. 
In Figs. lA through ID, reference numeral 21 refers to an insulating fikn 
(interlayer insulating fikn) at n-th level formed of fluorine-contained carbon 

25 film (CF film) of a low dielectric constant, for example, 22 to a metal layer 
serving as wiring and made of copper in circioitry at the n-th level, 23 to a 
barrier layer preventing copper from diffusing into the insulating film 2 1 , and 
24 to a protection film explained later in greater detail. Fig. 1 A illustrates a 
state where the first insulating film 3 1 is formed on the n-th level circuitry. 

30 As shown in Fig. IB, a pattem mask of a photo resist is first applied to the 
first insulating film 31 and undergoes etching to make a first concavity or a 
first groove 32. In the etching procedure, the protection film 24 is also 
etched away as again explained later. 



35 surface of the substrate, namely, surfaces of the first insulating fikn 31 and 
fkst groove 32 to prevent copper buried in a subsequent process step from 
diffusing and being oxidized. The first barrier layer 33 is formed by a 



Best Modes for Carrying Out the Invention 
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A preferred embodiment of the manufacturing method of 



Then, as shown in Fig. IC, a fkst barrier layer 33 is formed on a 
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process such as sputtering, using Ta205 (Tantalum Oxide), TaN (Tantalum 
Nitride), TiN (Titanium Nitride), etc. As shown in Fig. ID, copper is 
deposited on the surface of the substrate by sputtering to buiy the first 
groove 32 with the copper 34. After that, as shown in Fig. 2 A, the surface of 
5 the substrate is polished by CMP to remove the copper 34 and barrier layer 
33 residing higher than the upper peripheral level of the first groove 32, so 
that the copper 34 is left only within the groove 32 to define the first metal 
layer 35. CMP is a process in which semiconductor wafer fixed on a turn 
table is rotated while being pressed against polishing cloth and being 

10 supplied with liqioid abrasives, so as to gain both chemical and mechanical 
polishing effects. Next, as shown in Fig. 2B, the protection film 4 is formed 
on the first metal layer 35. 

Fig. 3 is a diagram showing a process of forming the protection film 4 
where after burying the copper (STEP 1), CMP is conducted (STEP 2), and 

15 thereafter, the substrates having impurities on their surfaces as a result of 
CMP are washed (STEP 3) to remove particles of the impurities. Then, a 
benzotriazole solution (chemical) is applied to the substrate, for example, by 
dipping the substrate into the chemical (STEP 4), and the substrate is dried. 
Benzotriazole makes a reaction to produce complex compound and is bound 

20 to the surface of the copper 34, and the benzotriazole residing in any region 
other than the copper is washed away by the washing (STEP 5). Then, the 
substrate is dried (STEP 6), and consequently, the protection film 4 of 
benzotriazole is formed on the surface of the copper. 

Af ter tha t, a second insulating film is formed in similar procediires as 

25 in Fig. l A^et se^ , and then, a groove is defined in the insulating film to be 
buried with a second metal layer of copper serving as wiring in the circuitry 
at the (n+l)th level. Since the protection film 4 is made of benzotriazole, the 
protection film 4 under the insulating film is removed simultaneously with 
the insulating film that is etched away to make the groove. As to etching gas 

30 in this situation, fluorocarbon gas (CF4) is preferably used. 

In the above mentioned embodiment, the damascene process can be 
simplified since the protection film 4 can be formed on the copper 34 in a 
simple procedure, and since the protection film 4 can be etched 
simultaneously when the insulating film 3 1 is etched. The protection film 4 

35 remains only on the surface of the copper 34 and is bound thereto, and 

hence, the insulating film 31 is not superposed with the protection film that 
would affect the dielectric constant of the insulating film 31. In order to 
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form the protection film 4, other complexing agents may be used which are 
capable of developing complexes in reaction with metals. 

For instance, complexing agents which prevent copper ions from 
diffusing from the surface of the copper 34 into the insulating film 3 1 include 
5 o-tolyltriazole, p-tolyltria2»le, and the like as well as the above-stated 

benzotriazole having a high capability of developing complexes in relation 
with the copper 34. 

Additionally, other effective compounds serving as complexing agents 
include alicyclic alcohol compounds, saccharides, aromatic ring phenol 
10 compounds, aromatic ring carboxylic acid compounds, aliphatic carboxylic 
acid compounds and derivatives thereof, aminopolycarboxylic acid 
compoionds, phosphonic acid compoionds, alkanolamine compounds, 
aromatic ring amine compounds, aliphatic amine compounds, and the Uke. 
The alicyclic alcohol compounds include 1,2-dihydroxycyclohexane 
15 and the like. 

The saccharides include sorbitol, sucrose, starch, and the like. 
The aromatic ring phenol compounds include phenol, o-cresol, 
m-cresol, p-cresol, resorcinol, 2,3-pyridinediol, 4,6-dihydroxyp5n-idine, 
m-nitrophenol, catechol, pyrogallol, and the like. 
20 The aromatic ring carboxylic acid compounds include benzoic acid, 

o-toluic acid, m-toluic acid, p-toluic acid, and the like. 

The aliphatic carboxylic acid compounds include formic acid, acetic 
acid, propionic acid, butyric acid, isobutyric acid, valeric acid, isovaleric acid, 
caproic acid, trimethylacetic acid, acrylic acid, and the like. 
25 The derivatives of the aliphatic carboxyUc acid compounds include 

aliphatic carboxyUc acid esters (e.g., ethyl acetate ester), aliphatic carboxylic 
acid amides (e.g., propionic acid amide), aliphatic carboxylic acid anhydrides 
(e.g., acetic anhydride), and the like. 

• The aminopolycarboxylic acid compounds include 
30 ethylenediaminetetraacetic acid (EDTA), 1,2-cyclohexane-diaminetetraacetic 
acid (CyDTA), triethylenetetraamine-hexaacetic acid (TTHA), nitrilotriacetic 
acid (NTA), and the like. 

The phosphonic acid compounds include methyldiphosphonic acid, 
amino- tris, ethylidenephosphonic acid, l-hydroxyethylidene-1,1 
35 diphosphonic acid, l-hydroxybutylidene-l,l-diphosphonic acid, ethyl 
amino-bis(methylenephosphonic acid), 

dodecylamino-bis(methylenephospohnic acid), nitrilotris(metylenephosphonic 
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acid), ethylenedianiine-bis(methylenephosphonic acid), 
e1±Lylenediaininetetrakis(met±iylenephosphonic acid) , 
hexenediaininetelTakis(methylenephosphonic acid) , 

die1±Lylenetriaininepenta(methylenephosophonic acid), or ammonium or 
5 alkali metal salts thereof, and the like. 

The alkanolamine compounds include mono-ethanolamine and the 

like. 

The aromatic ring amine compoionds include aniline, 2-methylaniline, 
and the like. 

10 The aliphatic amine compoionds include methylamine, ethylamine, 

ethylenediamine, hydroxyamine, ethox^amine, methylhydrazine, and the 
like. 

Besides the compounds mentioned above, anthranilic acid, 
o-hydroxyaniline, gallic acid, gallic acid ester, and the like. 
15 These compounds can be used singly or in a combination of two or 

more members. 

An apparatus for applying benzotriazole onto the surface of the 
copper layer on the wafer will now described, taking the batch processing 
unit as an example. Fig. 4 is a diagram showing the processing unit 

20 designated as a processing imit Ul, and the processing unit Ul includes 
processing vessel 5 filled with chemical containing benzotriazole, pairs of 
holding arms 5 1 which move laterally to open and close so as to grasp many 
(e.g. fifty) wafers W altogether from their opposite sides at a time, with the 
wafers standing vertical individually and in parallel with one another, and the 

25 unit also includes support arms 52 movable laterally and vertically. 

When the holding arms 51 grasp the wafers W, a member not shown 
such as an elevating lonit may be used to push up the twenty-five wafers 
from below the wafer cassette, and then, the wafers are to be grasped 
altogether by the holding arms 5 1 . The holding arms 5 1 are divided into two 

30 groups each including 25 pairs of them, and they cany out the 

above-mentioned procedure twice to grasp fifty wafers in total. The holding 
arms 51 are lowered into the processing vessel 5 to immerse the wafers W 
into the chemical within the processing vessel 5. The processing vessel 5 is 
provided with a flow path or a piomp that serves to feed an overflow of the 

35 chemical back to the processing vessel through its bottom portion although 
such flow path or pump is omitted in the drawings. 

Fig. 5 illustrates an embodiment where the processing unit is 
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incorporated in the semiconductor manufacturing apparatus. The 
apparatus is comprised of three zones including a cany-in unit 100 where 
substrates such as the wafers, prior to being washed, are carried in and 
housed in units of cassettes, a wash unit 200 where the wafers are washed, 
5 and cany-out unit 300 where each of the cassettes is unloaded after the 
wafers in the cassette are washed. 

In the cany-in unit 100, once a cassette C loaded with many (e.g. 
twenty-five) wafers is carried in from the outside to a stand-by unit 61 by a 
cassette carrier means 60, it is transferred to a loader unit 62 where a wafer 

10 holding mechanism (holding arms) not shown removes the wafers from the 

cassette C into an intermediate housing. In the wash unit 200, a plurality of 
wafer carrier mechanisms (three of the wafer carrier mechanisms Rl through 
R3 are shown in the drawing for convenience) are arranged along a line 
connecting between the carry-in unit 100 and the carry-out unit 300 (in a 

1 5 direction X) . A carrier unit is made up of the wafer holding arms and the 
wafer carrier mechanisms. Each of the wafer carrier mechanisms Rl 
through R3 includes the holding arms 51 and the support arm 52 as 
described above. There are ananged six of the processing vessels Tl 
through T6 along the direction X in the wash unit 200, where the wafer 

20 carrier mechanism Rl is dedicated to the processing vessels Tl and T2, the 
wafer carrier mechanism R2 is dedicated to the processing vessels T3 and T4, 
and the wafer carrier mechanism R3 is dedicated to the processing vessels T5 
and T6, respectively. Fig. 6 is a schematic plan view showing the wash unit 
200. 

25 The pliarality of the processing vessels (the vessels designated by Tl 

through T6 only for reference) are assigned to those for washing the wafers 
which have undergone the CMP process, the ones for rinsing the wafers with 
pixre water, the ones for processing the wafers with benzotriazole containing 
chemical therein, those for washing the chemical with liquid cleaner of IPA 

30 (isopropyl alcohol), one for rinsing the wafers with pure water, and those for 
drying the wafers, respectively. In this example, the vessel leading the 
processing vessel is equivalent to the first wash unit while the vessel following 
the processing vessel is equivalent to the second wash lonit. Besides the 
vessels as explained above, additional vessels may be employed to wash and 

35 dry the holding arms in the wafer carrier mechanisms Rl and R3. 

In sucjat^) semiconductor manufacturing apparatus, the wafers 
transfened from the loader unit 62 to the wafer carrier mechanisms (Rl 
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through R3) are immersed into the liquids within the processing vessels (Tl 
through T6) one after another to complete a sequence of procedures of the 
washing to remove particles of the impurities from the wafers, producing the 
protection films on the wafers, rinsing the wafers, and so forth. Transfer of 
5 the wafers between adjacent ones of the wafer carrier mechanisms are 
performed with intermediate counters intervening between them. The 
empty cassette C from which the wafers have been removed is sent to the 
cany-out unit 300 by a carrier mechanism not shown. 

Alternatively, the processing unit where the protection film is formed 

10 on the wafer as mentioned above may be replaced with a single wafer 

processing unit where the wafers are spun and processed one by one, as 
shown in Fig. 7. Referring to Fig. 7, reference numeral 71 refers to a cup, 72 
to a spinning chuck rotated along a horizontal surface by a motor M, 73 to 
an elevator unit which raises the spinning chuck, and 74 to an evacuating 

15 conduit. Additionally, reference numeral 75 designates a nozzle placed at a 
tip of a supply conduit 76 and held by a grip arm 77. A chemical applying 
unit also serves as a wash unit, where once being fixed to the spinning chuck 
72, a wafer W is rotated by the spinning chuck 72 while keeping its surface 
in contact with a wash brush 78, and the wash brush 78 cleans the wafer W 

20 with liquid cleaner such as pure water being supplied from the nozzle 75 to 
and around the center of the wafer. Then, chemical is applied to and 
around the center of the wafer W to form the protection film, and it is spread 
over the surface of the wafer W by means of spin coating. A plurality of 
nozzles attached to a plurality of supply condioits are ready adjacent to the 

25 cup 71, and the grip arm 77 grasps and transfers one of the nozzles to a 
position above the wafer W to exchange the formerly used nozzle with the 
new one. 

Fig. 8 is a schematic plan view illustrating an embodiment of a 
semiconductor maniofacturing apparatus having the above-mentioned single 

30 wafer processing unit (used to apply, spread, and wash the chemical) 

incorporated therein. The apparatus includes a cassette station 8 which can 
be loaded with many (e.g. four) wafer cassettes C. Wafers W enveloped in 
the wafer cassettes C are removed and transferred to an intermediate counter 
82 by a transfer arm 81 which is a transfer mechanism movable in X-, Y-, 

35 6- (horizontally rotational), and Z-(vertical) directions. Behind the 

intermediate counter 82, a main arm is sUdably placed, and the processing 
nits 84 as mentioned above are arranged on opposite sides of a slide path of 
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the main arm 83, The wafers W on tiie intermediate counter 82 are carried 
in the processing units 84 by the main arm 83 to undergo the above stated 
treatments. In this embodiment, a carrier unit is comprised of the transfer 
arm 81, the intermediate counter 82, and the main arm 83. Although the 
5 processing units 84 are dedicated to both the tasks of the washing and the 
application of the chemical to form the protection film in this embodiment, 
alternatively, the series of tasks may be carried out by several separate units 
including the one using a wash brush to remove particles of the impurities, 
the one for applying and spreading the chemical, the one for washing the 

10 wafers after the previous task, and so forth. The means for applying the 
chemical to the substrate may be replaced with the one in which the 
chemical is sprayed onto the substrate. 

As already explained, since the unit used to form the protection film is 
incorporated in the semiconductor manufacturing apparatus according to 

15 the present invention, a space occupied by the apparatus is reduced as a 
whole in comparison with a case where the protection film forming unit is 
provided separate from the apparatus, and this is effective in saving space 
within the clean room. The tasks of the washing and the forming the 
protection film can be carried out continuously, and this brings about 

20 enhanced throughput and results in the washing unit being additionally 
more valuable in a system is suitable for a damascene process. 

Also, according to the present invention, when copper is selected for 
wiring, it is desirable, in a means of forming metal protection film (coat) 
which is to prevent copper ions from diffusing from the surface of copper 

25 wiring into the interlayer insulating fikn, that a compound to be applied to 
the copper surface is selected among materials that contains components 
that relatively freely react with copper to produce alloy, including stannous 
chloride (SnCb), stannous boron fluoride (Sn(BF4)2), stannous sulfate (SnS04), 
nickel sulfate (NiS04), nickel chloride (NiCb), nickel sulfaminate (NiHS03NH2). 

30 Also, in such a procedure, first solution containing a metal salt is first applied 
to the substrate surface, and then, the substrate surface is washed. As to 
the formation of the protection film, if the wiring metal has a surface of metal, 
the protection film is formed by means of electroless plating; specifically, if 
the solution containing stannous chloride is used, the copper is superposed 

35 with Sn-Cu layer which serves as the protection film to prevent the copper 
from diffusing into the insulating film. 

As to the damascene process, in addition to a single damascene 
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process, a dual damascene process may be applied where wiring in the 
circuitry at the {n+l)th level and wiring in the through-holes are 
simultaneously embedded. The metal layer may be formed of platinum or 
gold instead of copper, and the insulating fikn may be a Si02 film or a SiOF 
5 film, for example. 

As described above, in the semiconductor device manufacturing 
method according to the present invention, reliability on the resultant device 
is enhanced by using the damascene process in embedding wiring to prevent 
diffusion of metal ions, and the manufacturing procedure can be simplified. 
10 Also, in the semiconductor device manixfacturing apparatus according to the 
present invention, the tasks of washing the substrates and forming the 
protection fikn on the metal layer on the substrate can be carried out 
continuously, and this leads to enhanced throughput and eSective 
down-sizing of the equipment and plant. 

15 



